Abstract
Methods
We performed a prospective study of acute bronchitis at 31 hospitals and clinics in Korea from July 2011 to June 2012. Sputum specimens were collected for polymerase chain reaction (PCR) and culture of microorganisms.
Results
Of the 811 enrolled patients, 291 had acceptable sputum specimens that were included for analysis of the etiologic distribution. With multiplex PCR testing, viruses were identified in 36.1% (105/291), most commonly rhinovirus (25.8%) and coronavirus (3.8%). Typical bacteria were isolated in 126/291 (43.3%) patients. Among these patients Haemophilus influenzae (n = 39) and Streptococcus pneumoniae (n = 30) were isolated most commonly; atypical bacteria were identified in 44 (15.1%) patients. Bacteria-only, virus-only, and mixed infections (bacteria plus virus) accounted for 36.7% (98/291), 17 .2% (50/291), and 18.9% (55/291) of infections, respectively. In particular, 52.4% of patients with viral infection had a concurrent bacterial infection, and rhinovirus was the most common virus in mixed infections (40/55) . Additionally, infections with typical bacteria were more common in
Introduction
Acute bronchitis is an inflammation of the large airways that is characterized by cough and/or sputum that usually lasts one to three weeks [1] . It is one of the most common illnesses among outpatients, and many patients receive antibiotic therapy [1] [2] [3] .
Traditionally, viruses have been considered the main causative agent of acute bronchitis, possibly explaining the limited benefits of antibiotics [3] [4] [5] . However, data regarding the causative microorganisms are still limited. In previous studies, viruses were isolated in 8-23% of community-based cases, not frequently enough to conclude that viruses are the main causal agents for acute bronchitis [6] . Macfarlane et al. identified viruses in only 19% of patients, while typical and atypical bacteria were identified in 25.9% and 23.7% of patients, respectively [7] . In other studies, bacteria were detected in sputum samples in 45% of acute bronchitis patients [8, 9] . In addition, several authors suggested that some patients with acute bronchitis had mixed infections involving both viruses and bacteria. However, the exact prevalence and clinical characteristics of mixed infections have not been well studied [10] . Moreover, it is not clear which subgroup of patients with acute bronchitis could benefit from antibiotic treatments. Recent big data from the UK show that antibiotics substantially reduce the risk of pneumonia after acute bronchitis, particularly in elderly people in whom the risk is highest [11] .
Therefore, in the present study, we aimed to investigate the frequencies and characteristics of viral, bacterial, and mixed infections in acute bronchitis in the community. We also hypothesized that the frequencies of these etiologies would vary with underlying lung co-morbidities and age.
Methods

Study design
Adult patients with acute bronchitis were prospectively recruited at 31 Korean hospital outpatient departments and primary clinics between July 2011 and June 2012 (6 university-affiliated teaching hospitals, 5 non-teaching community hospitals, and 20 primary clinics). Sputum samples for Gram stains, conventional cultures, and polymerase chain reaction (PCR) were collected from each patient before any medications (including antibiotics) were prescribed. Medications were chosen at the physicians' discretion. The study protocol was approved by the Institutional Review Board of Hallym University Sacred Heart Hospital (the principal institute, 2011-I049) and each participating hospital. All participants provided informed written consent.
Patients were eligible if they were !18 years old and visited the outpatient clinic because of cough (duration < 1 month) with sputum production. Acute bronchitis is a clinical diagnosis, and therefore, a wrong diagnosis is possible. Coughing symptom may have almost all respiratory illnesses as a differential diagnosis. However, symptoms such as sputum production, after carefully discriminating from postnasal drip, could also lead to a diagnosis of lower respiratory inflammation. Patients with typical upper respiratory infection (URI) and symptoms of influenza or influenza-like illness (ILI) during the epidemic period were excluded by participating physicians. We tried to rule out URI by conducting detailed medical interviews, throat examination, and by auscultation. Typically, URI was defined as an infection affecting patients presenting with key symptoms such as sore throat, and nasal symptoms (nasal obstruction, runny nose) with cough. ILI was defined as an abrupt onset of fever with non-productive cough or sore throat [12] . The period of the influenza epidemic was determined by means of a national respiratory virus surveillance system which was broadcast weekly [13] . In some cases, chest radiographs were done at the investigating physician's discretion, in order to rule out pneumonia. Other exclusion criteria were: 1) history of antibiotic treatment < 7 days before the visit, 2) exacerbation of chronic lung disease within 6 months, 3) active lesion on the chest or paranasal sinus radiographs (when available), 4) immunocompromised status, and 5) confirmed alternative cause for the cough (e.g., drugs [newly started on angiotensin-converting enzyme inhibitors], pneumonia, allergic rhinitis, sinusitis, or gastro-esophageal reflux). Stable chronic lung disease patients were not excluded.
Data collection
Clinical information was collected by the investigators at outpatient clinics. Data on chronic respiratory diseases, such as asthma, bronchiectasis (BE), and chronic obstructive pulmonary disease (COPD), were collected by reviewing the history and medical records at the enrollment stage of the study. We also investigated the characteristics of the cough (paroxysms, inspiratory whooping, or post-tussive vomiting). At enrollment, sputum specimens were collected from all patients. Sputum amount was classified as scanty (<10 cc/day), moderate (10-50 cc/day), or large (>50 cc/day), and sputum color was classified as white, yellow, brown, or green. The latter three colors were considered to be purulent sputum [14] . Sputum specimens were transferred at room temperature to a central laboratory, and plated on culture media on the day of collection. As this study was based on data obtained from outpatient clinics, we enrolled subjects during working days (5 days a week) [15] . Sputum specimens were considered acceptable if they satisfied Murray-Washington classification degrees IV (10-25 epithelial cells and >25 PMNs per field) or V (<10 epithelial cells and >25 PMNs per field) [16] . Sputum specimens were cultured using routine bacteriological procedures as per guidelines from Clinical and Laboratory Standard Institute [17] .
Multiplex reverse transcriptase (RT)-PCR for viruses. Multiplex RT-PCR was performed using the DiaPlexC™ RV13 Detection Kit (Solgent, Daejeon, South Korea). We used a viral primer panel targeting influenza A and B; respiratory syncytial virus; parainfluenza virus 1, 2, and 3; coronavirus 229E and OC43; human metapneumovirus (hMPV); enterovirus, rhinovirus; human bocavirus; and adenovirus [18] . RT-PCR was performed using a C1000 Touch™ Thermal Cycler (Bio-Rad, Hercules, CA, USA).
PCR for atypical bacteria. PCR assays for the detection of Mycoplasma pneumoniae and Chlamydophila pneumoniae were performed as previously described with primers targeting the p1 adhesin gene of M. pneumoniae and the 16S rRNA gene of C. pneumoniae [19] . For Legionella pneumophila, the primers were targeted at specific regions within the 5S rRNA gene (5'-ACTATAGCGATTTGGAACCA-3' and 5'-GCGATGACCTACTTTCGCAT-3') [20] . PCR testing for Bordetella pertussis was performed as described by Nelson et al. [21] . We used the repeated-insertion sequence: primers BP1 (5'-GATTCAATAGGTTGTATGCATGGTT-3') and BP2 (5'-TTCAGGCACACAAACTTGATGGGCG-3'). PCR assays for viruses and atypical bacteria were performed, regardless of sputum acceptability (S1 File).
Data analysis
Categorical variables were analyzed using the chi-square test or Fisher's exact test. Continuous variables were analyzed using Student's t-tests or the Mann-Whitney U-test. A p-value <0.05 was considered statistically significant. All analyses were conducted using SPSS statistical software (IBM SPSS Statistics version 21; IBM, Armonk, NY, USA).
Results
Baseline characteristics
We enrolled 811 patients: 526 from primary clinics, 111 from non-teaching community hospitals, and 174 from university-affiliated teaching hospitals. The mean patient age was 48.2 ± 16.8 years and 357 (44.0%) were men ( Table 1) . Acceptable sputum specimens were received from 291 (35.9%) patients. The mean cough duration before outpatient visits was shorter (acceptable: 6.98 days vs. unacceptable: 8.67 days, p < 0.001), the sputum amount was Table) .
Microbiological findings
Of the 811 enrolled patients, 291 (35.9%) had acceptable sputum specimens that were included for analysis of the etiologic distribution. With multiplex PCR testing, viruses were identified in 36.1% (105/291) (Fig 1) , most commonly rhinovirus (25.8%) and coronavirus (3.8%). Coinfection with >1 virus was detected in 16 (5.5%) patients, most commonly rhinovirus plus enterovirus (6/291) and rhinovirus plus adenovirus (4/291). Viruses were identified significantly more during the fall and winter (42.5% September-February vs. 26.5% March-August, p = 0.005). Rhinovirus showed a peak incidence during the fall (Fig 2) . PCR tests for atypical pathogens were positive in 15.1% (44/291) of patients (M. pneumoniae, n = 18; C. pneumoniae, n = 1; L. pneumophila, n = 15; and B. pertussis, n = 11). Overall, 165 strains of typical bacteria were cultured from 126 (43.3%) patients. Haemophilus influenzae (13.4%, 39/291) and Streptococcus pneumoniae (10.3%, 30/291) were isolated most frequently. Co-infection with >1 typical bacteria was found in 6.2% (18/291) of investigated patients (Table 2 ).
Mixed infection with at least one bacterium (typical or atypical) and at least one virus was demonstrated in 18.9% (55/291) of patients with acceptable sputum. Bacteria-only and virusonly infection were observed in 33.7% (98/291) and 17.2% (50/291) of the patients, respectively, while no organism was identified in the remaining 30.2% (88/291) of patients (Fig 1) . More than 50% of patients with viral infection (55/105) had a concurrent infection with at least Microorganisms in patients with and without underlying lung disease
The overall prevalence of viral infections was similar for patients with and without chronic lung disease (Table 3) . Infections caused by atypical pathogens, especially M. pneumoniae were observed less frequently in chronic lung disease patients, whereas infections with typical bacteria were detected more commonly in patients with chronic lung disease (53.9% vs. 39.5% p = 0.029). However, the incidences of co-infection (i.e., by multiple bacterial agents) and mixed infection (i.e., with both bacterium and virus) did not differ significantly between patients with and without chronic lung disease.
Microorganisms according to age
For viruses, the overall prevalence was higher in younger patients (Table 4 , p = 0.046). Rhinovirus was the most prevalent cause of infection in <40-year-old patients (34.4%) and showed a trend of declining prevalence with older age (p = 0.044). For typical bacterial agents, there was a trend of higher prevalence at older ages (p = 0.001). There were no significant differences for atypical pathogen. The prevalence of co-infection and mixed infection did not differ across the three age groups.
Clinical characteristics according to microorganism group
We compared clinical characteristics according to microorganism groups ( Table 5 ). The bacteria-only group was significantly older (mean age, 52.2 vs. 43.3 years; p = 0.004) and included significantly more men (52.0% vs. 34.0%; p = 0.037) than the virus-only group. Only sore throat was more common in the virus-only group than in the bacteria-only group (32.7% vs. 52.0%; p = 0.023). Patients with mixed infections (55/291) showed intermediate values between the bacteria-only and virus-only groups in terms of mean age, sex ratio, and sore throat prevalence. 
Discussion
To the best of our knowledge, this is among the largest prospective multicenter studies regarding the microbiology of acute bronchitis. Notably, about 50% of patients with acute bronchitis and acceptable sputum had evidence of bacterial infection (typical or atypical), a higher frequency than that of viral infection. Also, the distributions of infectious etiologies differed by age and the presence of underlying chronic lung disease. Finally, mixed infections were common, and >50% of patients with viral infections also had bacterial infections. In recent placebo-controlled randomized trials, antibiotics appeared to provide minimal benefit in treating acute bronchitis [4, 5, 22] . Therefore, it is often assumed that acute bronchitis is primarily a viral disease [4, 5] . Accordingly, previous studies have usually focused on viral etiologies and did not include sputum cultures, or used only serological tests for bacteria, and may have underestimated the bacteria's role in acute bronchitis [23] [24] [25] . Creer et al. detected bacteria and viruses in 26% and 63% of acute bronchitis patients, respectively, prompting the authors to consider bacterial infection relatively uncommon [26] . However, they collected sputum specimens for bacterial cultures from only a portion of patients, most patients submitted swabs and nasal aspirates for viral testing, and sputum specimen adequacy was not discussed. In contrast, we collected sputum specimens from all patients for viral, typical bacterial, and atypical bacterial infection simultaneously. Although previous studies showed that antibiotics have little benefit in treating acute bronchitis, several factors may have affected the results [4, 5, 27] . First, patients included in such studies were inhomogeneous, and a considerable proportion of them may have had only upper respiratory tract infections (URIs). It is more appropriate to evaluate antibiotic effects in a fully differentiated group of bacterial etiologies. Second, the use of the term 'bacterial infection' in the lower respiratory tract does not necessarily imply that there is a requirement for antibiotics. Many of these infections can be cured without antibiotics [28] . Third, even if bacterial infections were treated using antibiotics, subjective symptoms, such as postinfectious cough or upper-airway cough syndrome, might persist [29] . Interestingly, in a randomized controlled trial of patients with URIs, antibiotics were clinically beneficial for a subgroup whose nasopharyngeal secretions contained respiratory bacteria [30] . Although the presence of bacterial agents does not always indicate a disease, antibiotic treatments might be beneficial in subgroups of patients with bacterial etiologies. C-reactive protein or procalcitonin levels may eventually provide an objective marker for evaluating the need for antibiotic treatment [31] .
Recent studies have used the term "lower respiratory tract infection (LRTI)" for conditions approximating acute bronchitis. LRTI is characterized by acute cough, with at least one other lower respiratory tract symptom, including purulent sputum, dyspnea, wheezing, chest discomfort, or chest pain [1, 4, 7, 10] . In our study, we attempted to limit patient enrollment to patients with acute bronchitis; however, some URI patients might have been enrolled because of symptom overlap. This potential bias should be considered when interpreting our results [25] . However, the cohort of 291 patients with acceptable sputum could be considered as a purer group of acute bronchitis patients. Patients with acceptable sputum had more sputum production and auscultatory abnormalities, strongly supporting the diagnosis of LRTI [10] .
In earlier studies, viral prevalence was 9.2-61.3% and rhinovirus or influenza were most commonly detected [7, 8, 26, 32, 33] . Importantly, not all studies spanned an entire year, and some were limited to the winter influenza season [25, 33] . We enrolled patients for an entire year, but fewer were enrolled during the winter, likely because we excluded those with typical symptoms of influenza during the winter (December-February). In our study, the most common bacterial agent was H. influenzae, followed by S. pneumoniae. Some previous studies found S. pneumoniae to be the most frequent pathogen [7, 26] , while others found H. influenzae more frequently [28, 34] . However, with the detection of pneumococcal antigens in sputum or urine, or PCR on airway secretions, S. pneumoniae is found in 17-19% of LRTI cases [7, 26] . Because we only used sputum cultures to detect typical bacteria, the incidence of S. pneumoniae might have been underestimated. Interestingly, S. pneumoniae was isolated in older patients twice as commonly than in younger patients (!60 vs. <40 years: 15.0% vs. 7.3%, p = 0.075). Therefore, pneumococcal vaccines may be beneficial in preventing acute bronchitis associated with S. pneumoniae in older patients. Additional studies are warranted.
Mixed infection occurred in 18.9% of our patients, in 22-32% of patients in previous studies of LRTI [7, 8, 26] , and in 6-26% of non-immunocompromised adults with communityacquired pneumonia (CAP) [10] . The most typical combination has been viral-bacterial mixed infection [10, 35] . In our study, rhinovirus was the most common virus in mixed infections. Several studies have suggested that rhinovirus can be pathogenic for LRTI, but it is unclear whether rhinovirus triggers secondary bacterial infection [36] [37] [38] . Also, viral-bacterial mixed infections have induced more severe inflammation and disease than individual infections in CAP cases [35, 39, 40] . Clinical features and outcomes have not been studied in patients with mixed infection acute bronchitis or LRTI without pneumonia, and we found no distinct characteristics of mixed infections.
We did not exclude patients with chronic lung disease, a large proportion of the patients evaluated for cough in our clinics. In a recent review, Mohan et al. detected viruses via PCR and RT-PCR in 34.1% of patients with an acute exacerbation of COPD [41] . The same rate (34.1%) was observed for COPD patients in our study. However, none of our COPD or asthma patients were positive for M. pneumoniae, C. pneumoniae, or B. pertussis. Despite potential methodological problems, studies using PCR also found no COPD exacerbations associated with M. pneumoniae or C. pneumoniae [42, 43] . In a previous multicenter study, we demonstrated the absence of B. pertussis in patients with chronic lung disease [44] .
We found that the prevalences of rhinovirus, adenovirus, and M. pneumoniae with acute bronchitis were higher in young adults. This observation is consistent with prior LRTI studies [33] . Conversely, the frequency of typical bacteria was higher in the older age group, as demonstrated in studies of CAP [45, 46] . This result suggests antibiotics may be more beneficial in older patients with acute bronchitis. Petersen et al. reported that antibiotics substantially reduced pneumonia risk after chest infection (acute bronchitis), particularly in elderly patients [11] .
In summary, bacterial infections were identified as the etiology for about half of the 35.9% of acute bronchitis patients who had acceptable sputum. The infectious etiologies differed by age and the presence of underlying chronic lung disease. Further, mixed infection with both bacteria and viruses were common. Future research should be directed at the identification of patient groups most likely to benefit from antibiotic treatment. 
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